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(54) Optical crossconnect apparatus and optical transmission system 



(57) An optical crossconnect apparatus (1) 
includes: one terminal (12-1) connected to a transmis- 
sion path from one optical transmission terminal station 
and the other terminal (12-2) connected to a transmis- 
sion path from another optical transmission terminal 
station; a first optical signal switching means (10-1) hav- 
ing "M1 (M1 being an integer larger than, or equal to 2)" 
number of ports and "N1 (N1 being an integer larger 
than, or equal to 1)" number of ports, through which the 
optical signal can pass; a second optical signal switch- 
ing means (10-2) having "M2 (M2 being larger than, or 
equal to 2)" number of ports and "N2 (N2 being an inte- 
ger larger than, or equal to 1) p number of ports, through 
which the optical signal can pass; and "L (L being an 
integer larger than, or equal to 1)" number of optical sig- 
nal repeaters (11), one end of which is connected to the 
"N1" number of ports of the first optical signal switching 
means (10-1), and the other end of which is connected 
to the "N2" number of ports of the second optical switch- 
ing means (10-2), in which the "N1" and the *N2 M 
number of the ports are equal to at least the "L" number 
of the optical signal repeaters; and also the "Mr 
number of the ports of the first optical signal switching 
means connected to the one terminal, and the "M2" 
number of the ports of the second optical signal switch- 
ing means connected to the other terminal are larger 
than, or equal to 2. As a result, the optical signal is 



transmitted from one terminal to the other terminal, and 
vice versa. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention generally relates to an optical 
crossconnect apparatus for switching an optical trans- 
mission path, and also to an optical transmission sys- 
tem. More specifically, the present invention is directed 
to an optical crossconnect apparatus capable of recov- 
ering a failure of an optical transmission system under 
economical good connection, and also to an optical net- 
work. 

Very recently, information infrastructures are pre- 
pared and maintained in order to widely progress a so- 
called "multimedia" typically known as the Internet and 
CATV in society. To establish highly advanced informa- 
tion social structures, presently available information 
transmission amounts per one user are considerably 
increased. To this end, optical fiber networks capable of 
achieving wide ranges/low loss transmissions are intro- 
duced in transport backbones capable of performing 
long -hand/high-capacity transmissions. In a certain 
trunk line system constructed of optical fiber network, 
10-Gbit data per second may be transmitted in unit of 1 
optical fiber As a result, failures, or troubles occurred in 
transmission paths, or lines would give serious adverse 
influences to society, and it is, therefore, very important 
to maintain the qualities of the network services even 
when failures happen to occur in transmission paths. 

In order that reliability of networks is increased, 
transmission paths are effectively utilized, and also 
maintenance operation of transmission path is improved 
when failures happen to occur, optical crossconnect 
apparatuses have been positively developed. An optical 
crossconnect apparatus is installed between optical 
transmitters/receivers and optical fibers functioning as 
transmission paths within 1 node of an optical fiber net- 
work, and this optical crossconnect apparatus switches 
optical transmission paths to which optical input/output 
signals of the optical transmitter/receiver. With employ- 
ment of such a function, for instance, in the case that a 
failure happens to occur in a certain working fiber, two 
sets of optical crossconnect apparatuses provided on 
both ends of this working fiber switch the connection 
destination of the optical transmitter/receiver to a pro- 
tection fiber, so that the failure occurred in the transmis- 
sion path can be restored. 

On the other hand, in an actual optical network, a 
sufficient amount of protection fibers are not always 
installed among all of nodes. Accordingly, when a trans- 
mission path is recovered from a failure, while using the 
protection fiber installed between the nodes provided at 
both ends of the optical fiber where the failure happens 
to occur, and a third node, an optical signal must be 
rerouted to another route where no failure occurs so as 
to recover the failure-occurred transmission path. To 
reroute an optical signal, the transmission length would 
be extended, and the optical crossconnect apparatus 



itself of this third node would have loss. To avoid such 
an insertion loss, an optical signal repeating function is 
necessarily required for this optical crossconnect appa- 
ratus. This repeating function can be realized by that an 
s optical repeater such as an optical amplifier and a 
regenerator is built in this optical crossconnect appara- 
tus. 

As the optical crossconnect apparatus having such 
an arrangement, for instance, one optical crossconnect 

10 apparatus is described in Japanese Electronic Telecom- 
munication Institute Communication Society Confer- 
ence held in 1996, publication B-1070, on page 555. 
Another optica! crossconnect apparatus having no opti- 
cal signal repeating function is described in Japanese 

is Electronic Telecommunication Institute Communication 
Society Conference held in 1996, publication B-1083, 
on page 568. 

Furthermore, the optical crossconnect technique is 
disclosed in Japanese Electronic Telecommunication 

20 Communication Institute, Autumn Conference held in 
1993 publication SB-8-1 , 4-371 , on page 372. 

SUMMARY OF THE INVENTION 

25 An object of the present invention is to provide an 
optical crossconnect apparatus capable of effectively 
using protection fibers and optical repeaters, and fur- 
ther to provide an optical transmission system capable 
of recovering failure-occurred transmission paths in low 

30 COSt. 

Another object of the present invention is to provide 
such an optical crossconnect apparatus capable of 
monitoring optical signal penetrating conditions within 
an optical signal path of this optical crossconnect appa- 
35 ratus, and also capable of effectively identifying a place 
where a failure happens to occur when this failure 
occurs. 

A further object of the present invention is to pro- 
vide an optical crossconnect apparatus capable of exe- 

40 cuting a self-fail diagnosis of such an optical switch unit 
having occurrence probability of a failure among optical 
switch units for switching two sets of working transmis- 
sion path and protection transmission path, and further 
capable of shortening failure restoration time. 

45 A still further object of the present invention is to 
provide such an optical transmission system capable of 
confirming operation reliability/failure restoration related 
to a switched -destination, or a switched-back optical 
transmission path, and further to an optical switch units 

so employed in the above-described optical crossconnect 
apparatus. 

An optical crossconnect apparatus, according to a 
first aspect of the present invention, is featured by that 
an optical input unit is connected to an input of an opti- 
55 cat signal repeater by an optical signal switching unit, 
and also an output of this optical signal repeater is con- 
nected to an optical output unit by an optical signal 
switching unit in such a manner that a protection fiber is 
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connected to the optical signal repeater in a flexible 
manner. As a result, when the optical crossconnect 
apparatus equipped with the optical signal repeater 
mutually connects the protection fibers, since this opti- 
cal crossconnect apparatus owns the optical signal 
switching unit capable of selecting such a protection 
fiber connected to the optical signal repeater, no longer 
the optical signal repeaters are prepared for the respec- 
tive protection fibers. Thus, the optical crossconnect 
apparatus can be manufactured in low cost. Also, since 
the optical crossconnect apparatus employs the optical 
signal switching unit capable of selecting the optical sig- 
nal repeater connected to the protection fiber, even 
when a failure happens to occur in the optical signal 
repeater, the optical transmission path can be immedi- 
ately switched to the optical signal repeater operated 
under normal condition. As a result, the optical cross- 
connect apparatus having high reliability can be real- 
ized. 

An optical crossconnect apparatus for switching 
transmission paths of an optical transmission signal by 
employing an optical switch unit, according to a second 
aspect of the present invention, is featured by compris- 
ing: an optical signal monitoring unit provided between 
an optical transmission signal input unit and the optical 
switch unit; either a signal source built therein or an 
external signal source; and a unit for sending out a mon- 
itoring optical signal supplied from, for example, a pro- 
tection transmitter unit of an optical transmission 
terminal station apparatus. 

An optical crossconnect apparatus for switching 
transmission paths of an optical transmission signal by 
employing an optical switch unit, according to a third 
aspect of the present invention, is featured by compris- 
ing: an optical signal monitoring unit provided between 
an optical transmission signal input unit and the optical 
switch unit; and an optical signal monitoring unit pro- 
vided between the optical switch unit and an optical 
transmission signal output unit. This optical crosscon- 
nect apparatus can have such a function that a condi- 
tion of an optical transmission signal of an input unit of 
this optical switch unit is compared with a condition of 
an optical transmission signal of an output unit of this 
optical switch unit by employing output signals derived 
from these two optica! signal monitoring units, so that a 
failure of the optical switch unit is diagnosed. 

Also, the optical crossconnect apparatus is further 
comprised of a first optical switch unit and a second 
optical switch unit, and also two sets of working optical 
switch unit and protection optical switch unit. The first 
optical switch unit selects the optical transmission sig- 
nal, or the monitoring optical signal, which is entered 
into two sets of optical switch units. The second optical 
switch unit selects as to whether the output signal from 
each of the two optical switch units is directed to an opti- 
cal transmission line, or an optical signal monitoring 
unit. The optical crossconnect apparatus can have such 
functions that this optical crossconnect apparatus con- 



firms that the optical switch unit is operated under nor- 
mal condition, and also identifies a place when a failure 
happens to occur, while using the monitoring optical sig- 
nal and the output from the optical signal monitoring 
5 unit. 

The optical crossconnect apparatus can further 
have such functions that this optical crossconnect appa- 
ratus confirms that the protection optical transmission 
path is set under normal state during the normal opera- 
te tion, and also confirms that the working optical trans- 
mission path is recovered from the failure during the 
failure occurrence condition, while the monitoring opti- 
cal signal is sent to the protection optical transmission 
path during the normal operation, the monitoring optical 

is signal is sent to the working optical transmission path 
during the failure occurrence condition. 

With employment of the above-described arrange- 
ment, the optical crossconnect apparatus can monitor 
the penetration condition of the optical signal in the sig- 

20 nal path of the optical crossconnect apparatus, and fur- 
ther can effectively identify the failure occurrence place 
when the failure happens to occur. Also, since the mon- 
itoring optical signal source is employed, such an opti- 
cal switch unit that a failure may occur can be self- 

25 diagnosed within two sets of the working/protection opti- 
cal transmission paths switching switch units. Thus, the 
failure restoration time may be reduced. 

Furthermore, in accordance with the present inven- 
tion, the conditions within the optical crossconnect 

30 apparatus, or the conditions of the optical transmission 
path can be monitored by employing the monitoring 
optical signal. The operation reliability and the failure 
restoration as to the switched destination optical trans- 
mission path, or the switched back optical transmission 

35 path, and further the optical switch units employed in 
the optical crossconnect apparatus can be confirmed. 

An optical transmission system, according to a 
fourth aspect of the present invention, is featured by 
comprising a plurality of optical crossconnect appara- 

40 tuses, and an optical transmission path for connecting 
the respective optical crossconnect apparatuses. The 
plural optical crossconnect apparatuses contain a plu- 
rality of optical transmitters/receivers, a first optical sig- 
nal switching unit and a second signal switching unit, 

45 which are connected to the respective optical transmit- 
ters/receivers, and own ports through which optical sig- 
nal can pass. The optical crossconnect apparatuses 
further contain an optical signal repeater, one terminal 
of which is connected to the port of the first optical sig- 

50 nal switching unit, and the other terminal of which is 
connected to the port of the second optical signal 
switching unit. As a result, the optical transmit- 
ters/receivers communicate the optical transmission 
signal through the optical transmission paths except for 

55 an optical transmission path where a failure happens to 
occur, depending upon the occurrence of the failure. As 
a consequence, since the optical crossconnect appara- 
tus according to the present invention is employed, a 
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total number of optical signal repeaters employed in the 
overall optical transmission system can be reduced, and 
the optical signal repeaters can be quickly restored from 
the failure. Furthermore, since the protection optical 
fiber can be effectively utilized, the optical transmission 
system with high reliability can be manufactured in low 
cost. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the present invention, 
reference is made of a detailed description to be read in 
conjunction with the accompanying drawings, in which: 

Fig. 1 is a schematic block diagram for representing 
an optical crossconnect apparatus according to an 
embodiment of the present invention; 
Fig. 2 is a schematic block diagram for indicating an 
optical crossconnect apparatus according to 
another embodiment of the present invention; 
Fig. 3 is a schematic block diagram for showing an 
optical crossconnect apparatus according to 
another embodiment of the present invention; 
Fig. 4 is a schematic block diagram for representing 
an optical crossconnect apparatus according to 
another embodiment of the present invention; 
Fig. 5 is a schematic block diagram for indicating an 
optical crossconnect apparatus according to 
another embodiment of the present invention; 
Fig. 6 is a schematic block diagram for showing an 
optical crossconnect apparatus according to 
another embodiment of the present invention; 
Fig. 7 is a schematic block diagram for representing 
an optical crossconnect apparatus according to 
another embodiment of the present invention; 
Fig. 8 is a schematic block diagram for indicating an 
optical crossconnect apparatus according to 
another embodiment of the present invention; 
Fig. 9 is a schematic block diagram for showing an 
optical crossconnect apparatus according to 
another embodiment of the present invention; 
Fig. 10 is a schematic block diagram for represent- 
ing an optical crossconnect apparatus according to 
another embodiment of the present invention; 
Fig. 1 1 is a schematic block diagram for indicating 
an optical crossconnect apparatus according to 
another embodiment of the present invention; 
Fig. 12A and Fig. 12B are system structural dia- 
grams for schematically representing an optical 
transmission system according to an embodiment 
of the present invention; and 
Fig. 13 is a system structural diagram for schemati- 
cally indicating an optical transmission system 
according to another embodiment of the present 
invention. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Referring now to drawings, various embodiments of 

5 the present invention will be described in detail. 

Fig. 1 schematically shows an optical crossconnect 
apparatus according to an embodiment of the present 
invention. In Fig. 1, an optical crossconnect apparatus 
1A is arranged by optical switch units 10-1 and 10-2; 

io optical signal input/output units 12-1 and 12-2; and also 
at least one optical amplifier 1 1 . An input of the optical 
switch unit 10-1 is connected to the optical input/output 
unit 12-1 , and an output of the optical switch unit 10-1 is 
connected to either an input of the optical switch unit 10- 

75 2 or an input of the optical amplifier 1 1 . An output of the 
optical amplifier 1 1 is connected to another input of the 
optical switch unit 10-2 which is not connected to the 
output of the optical switch unit 10-1, and an output of 
the optical switch unit 10-2 is connected to the optical 

so input/output unit 12-2. A monitor/control unit 14 moni- 
tors the optical switch units 10-1, 10-2, and the optical 
amplifier 11, and controls these elements. 

ft should be noted that the optical switch unit 10-1 
owns Ml pieces of ports so as to be connected to the 

25 optical input/output unit 12-1, and further owns N1 
pieces of ports in order to be connected to the optical 
amplifier 11 and the optical switch unit 10-2. Similarly, 
the optical switch unit 10-2 owns M2 pieces of ports so 
as to be connected to the optical input/output unit 12-2, 

30 and further owns N2 pieces of ports in order to be con- 
nected to the optical amplifier 1 1 and the optical switch 
unit 10-1. 

Fig. 2 schematically indicates an optical crosscon- 
nect apparatus according to another embodiment of the 

35 present invention. In Fig. 2, an optical crossconnect 
apparatus 1B is arranged by optical input units (12- 
1)Ts1 to Tsn connected to an optical transmitter; optical 
output units (12-1)Tj1 to Tjn connected to an optical 
receiver; and optical output units (12-2)Wsl to Wsn and 

40 also optical input units (1 2-2) Wj 1 to Wjn, which are con- 
nected to a working optical fiber. This optical crosscon- 
nect apparatus 1 B is further arranged by optical output 
units (12-3)Rs1 to Rsm and optical input units (12-4)Rj1 
to Rjm, which are connected to a protection optical 

45 fiber; an optical-switch unit 10-1 having H n" pieces of 
inputs and n 2.xf pieces of outputs; an optical switch unit 
10-2 having n 2n" pieces of inputs and "n" pieces of out- 
puts; an optical unit 10-3 having *'m w pieces of inputs 
and "n" pieces of outputs; an optical unit 10-4 having 

so "m" pieces of inputs and *2nrf pieces of outputs. This 
optical crossconnect apparatus 1 B is further arranged 
by an optical switch unit 10-5 having "n" pieces of inputs 
and "rrT pieces of outputs; an optical switch unit 10-6 
having "2m" pieces of inputs and "m" pieces of outputs; 

55 an optical unit 10-7 having "m" pieces of inputs and "k" 
pieces of outputs; an optical unit 10-8 having H k* pieces 
of inputs and "rrf pieces of outputs; and "k" pieces of 
optical amplifiers 1 1 ; and further a controller unit 14 for 
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supervising/controlling the units and the optical units 
inside/outside the optical crossconnect apparatus. Such 
an optica! crossconnect apparatuses 1A, 1B may be 
used in the bidirectional transmission. 

First, a description will now be made of a basic s 
operation of the optical crossconnect apparatus 1B 
shown in the drawing. Normally, the optical switch unit 
10-1 connects "n" pieces of optical signals originated 
from the optical transmitter, which are entered from the 
optical input units Ts1 to Tsn, to the optical output units io 
Wsl to Wsn, respectively. To the contrary, when the 
controller 14 detects a failure of an optical fiber con- 
nected to, for example, the optical output unit Wsl, the 
optical switch unit 10-1 switches the optical signal sup- 
plied from the optical-input unit Ts1 to the optical switch is 
unit 10-5 in response to a control signal supplied from 
the controller 14. The optical switch unit 10-6 selects 
any one of the optical signals outputted from the optica! 
switch unit 10-5 and the optical switch unit 10-8, and 
connects the selected optical signal to the respective 20 
optical output units Rs1 to Rsm. Both the optical switch 
units 10-5 and 10-6 output the optical signal derived 
from the optical switch unit 10-1 to one of the optical 
output units Rsl to Rsm connected to such an optical 
fiber, the normality of which is confirmed, in response to 25 
the control signal issued from the controller 14. 

Next, a description will now be made of an opera- 
tion of the optical crossconnect apparatus 1 B in such a 
case that the optical crossconnect apparatus 1B is 
located on a restoration route used to recover a failure, 30 
and both the optical fiber connected to the optical input 
unit Rj1 and the optical fiber connected to the optical 
input unit Rsm are selected as the failure-restoring 
reroute. The optical switch unit 104 outputs an optical 
signal entered from the optical input unit Rj1 to the opti- 35 
cal switch unit 10-7. This optical switch unit 10-7 enters 
the optical signal to such an optical amplifier among "k" 
pieces of optical amplifiers 11, which is recognized as 
normal condition, and can be connected. The optical 
signals which have been amplified up to an optical 40 
power is outputted from the optical switch units 1 0-8 and 
10-6 to the optical output unit Rsm. It should be under- 
stood that the controller 14 is well known in this field, 
and may be realized by employing not such a specific 
unit arrangement for selecting the optical fiber, but the 45 
known unit arrangement. 

In this case, since the optical amplifier is connected 
via the optical switch units 10-7, 10-8, and the like to the 
protection optical fiber, the total number "k" of the opti- 
cal amplifiers need not be equal to a total number of the so 
optical input units Rj1 to Rjm of the optical crossconnect 
apparatus 1 B, or a total number of the protection optical 
fibers connected to the optical input units Rj1 to Rjm. As 
a consequence, it is possible to design such an optical 
crossconnect apparatus having higher flexibility, taking 55 
account of the cost as well as the reliability of the overall 
optical transmission system. 

Fig. 3 schematically indicates an optical crosscon- 



nect apparatus 1C according to another embodiment of 
the present invention. This optical crossconnect appara- 
tus is featured by replacing the optical switch units 10-1 
to 10-8 employed in the arrangement of the previous 
embodiment shown in Fig. 2 by a single optical matrix 
switch 10. In accordance with this embodiment, both the 
optical input/output unit 12-1 and the optical input/out- 
put unit 12-2 can be connected to each other in a more 
flexible manner. 

Furthermore, as another embodiment of the 
present invention, in Fig. 4, there is shown a structural 
example of an optical crossconnect apparatus 1D appli- 
cable to such an optical transmission system capable of 
performing a bidirectional transmission by way of a sin- 
gle fiber. In Fig. 4, an optical crossconnect apparatus 1 
is constituted by optical input/output units T1 to T10 and 
W1 to W10; an optical switch unit 10-a; a working inter- 
face 15 containing an optical monitor unit 13-1; and a 
protection interface 16 containing optical input/output 
units R1 to R5 and an optical monitor unit 13-2. This 
optical crossconnect apparatus is further constructed of 
optical switch units 17 containing optical switch units 1 0- 
b to 10-f and an optical amplifier 1 1 ; and a controller 1 4. 

In the optical crossconnect apparatus 1 D indicated 
in Fig. 4, the optical switch units 10-a to 10-c are con- 
trolled by the controller 14, so that the optical input/out- 
put units T1 to T10 may be connected to either the 
optical input/output units W1 to W10 or the optical 
input/output units R1 to R5, respectively. Also, the opti- 
cal switch units 1 0-c to 1 0-f are controlled by the control- 
ler 14, so that the optical input/output units R1 to R5 
may be mutually connected to each other in an arbitrary 
connecting manner. For example, an optical signal 
inputted into the optical input/output unit R1 may be out- 
putted to the optical input/output unit R5 by controlling 
the optical switch units 10-c, 10-d, 10-e, and 10-f. In this 
case, even when the optical signal inputted from any 
one of the optical input/output units R1 to R5 by the opti- 
cal switch unit 10-d, the optical signal can be continu- 
ously conducted to the input sides of the optical 
amplifiers 11-1 and 11-2. Furthermore, any one of the 
optical input/output units R1 to R5 which will be con- 
nected to the optical amplifiers 1 1-1 and 1 1-2 can be 
arbitrarily selected by the optical switch units 10-e and 

10- f. In other words, since two sets of optical amplifiers 

11- 1 and 1 1 -2 can be commonly used by 5 sets of pro- 
tection optical ffoers connected to the optical input/out- 
put units R1 to R5, a total number of optical amplifiers 
can be reduced. 

In this embodiment, a total number of the above- 
described optical input/output of the optical crosscon- 
nect apparatus 1D is 25. In an actual case, this quantity 
may be determined based upon the system scale, a 
total number of installed fibers, and the survivability. 
Also, a total number of the optical amplifiers is 2 in this 
embodiment. Alternatively, this quantity of the optical 
amplifiers may be arbitrarily set, depending upon the 
required economical aspect and the survivability Fur- 
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thermore. in the case that a total number of optical 
amplifiers is set to be any number larger than 1/2 
number of the optical input/output of the protection inter- 
face 16, since at least one optical amplifier is allocated 
to a pair of optical input and optical output, this optica! 
crossconnect apparatus may be quickly restored from 
the malfunction of any one of the optical amplifiers con- 
nected to the optical switch units 1 0-e and 1 0-f , and also 
the failure of the protection optical transmission path. 

Alternatively, in order to accept such a restoration 
route without requiring an optical signal repeating oper- 
ation, several optical amplifiers among the optical ampli- 
fiers connected to the optical switch units 10-e and 10-f 
may be simply replaced by optical fibers. Also, the opti- 
cal switch units 10-b to 10-f employed in this embodi- 
ment may be replaced by an optical matrix switch of 14- 
input and 5-output construction. In this case, assuming 
now that a total number of working fibers, and a total 
number of protection fibers, which are connected to an 
optical crossconnect apparatus, are "W and W R", 
respectively, and further a total number of optical ampli- 
fiers contained in this apparatus is "K'\ a size of an opti- 
cal switch unit which may replace the optical switch 
units 10-b to 10-f is (W-2K) pieces of inputs and (R) 
pieces of outputs in minimum. 

As another embodiment of the present invention, in 
Fig. 5, there is shown an arrangement example of the 
working interface 15, the optical switch unit 17, and the 
protection interface 16 indicated in Fig. 4. 

In the working interface unit 15, a 1 -input/2-output 
optical switch unit is provided between each of the opti- 
ca! input/output units T1 to T10 and each of the optical 
input/output units W1 to W10. This 1 -input/2-output opti- 
cal switch unit switches that the optical input/output 
units T1 to T10 are selectively connected to either the 
optical input/output unite W1 to W10 or the optical 
input/output units R1 to R5. The optical switch unit 17 is 
constituted by a 5-input/5-output optical switch unit 10- 
g; a 1-input/4-output optical switch unit 10-h; 1-input/5- 
output optical switch units 10-e and 10-f; and an optical 
amplifier 1 1 , which entirely constitutes a 10-input/5-out- 
put optical switch unit. 

In this embodiment, the optical crossconnect appa- 
ratus 1E is operated as the 15-input/l 5-output optical 
switch unit applicable to the bidirectional transmission. 
Since only one stage of the 1-input/2-output optical 
switch unit is employed as the optical switch unit capa- 
ble of switching the working optical path and the protec- 
tion optical path between the optical input/output units 
T1 to T10 and the optical input/output units W1 to W10, 
the insertion loss of the optical crossconnect apparatus 
can be greatly reduced, as compared with an optical 
crossconnect apparatus with employment of an n x m 
type optical switch matrix. Also, for example, in the case 
that a total path number of the working optical fibers 
connected to the optical crossconnect apparatus is *D"; 
a total number of the working optical fibers per 1 optical 
path is "A"; a total number of the protection optical fibers 



per 1 optical path is "R"; and a total number of the built- 
in optical amplifiers is "K", the optical switch unit 10-g is 
constituted by A pieces of D-input/D-output optical 
switches, the optical switch unit 10-h is constituted by D 

5 pieces of (A+2)-input/R-output optical switches, and 
each of the optical switch units 10-e and 10-f is consti- 
tuted by a D-input/K-output optical switch. 

Since the above-explained optical crossconnect 
apparatus owns the switching function of the physical 

w medium, namely "optical fiber", the above-described 
function can be realized irrespective to the sorts of opti- 
cal signals transmitted through the medium, namely the 
encoding method, the modulation method, and the mul- 
tiplexed wavelength number. 

75 Also, in the above-explained embodiment, the opti- 
cal amplifier is employed as the repeater for the optical 
signal. Alternatively, even when the regenerator is 
employed, a similar effect according to the present 
invention may be achieved. 

so As to concrete optical switch units, for example, 
since the optical switch units 10-1 and 10-2 of Fig. 2 and 
the optical switch unit 10-a of Fig. 4 and Fig. 5 are 
inserted into the working transmission system, these 
optical switch units preferably have low insertion loss as 

25 low as possible. Such an optical switch unit having low 
insertion loss is, for instance, a 1 -input/2 -output scaled 
optical switch, i.e.. fiber-mechanical optical switches or 
lens-mechanical optical switches capable of realizing 
insertion loss less than, or equal to 1 dB. 

30 Fig. 6 is a schematic block diagram for indicating an 
optical crossconnect apparatus 1 F according to another 
embodiment of the present invention. In Fig. 6, refer- 
ence number 24 shows an optical signal monitoring 
unit, reference numeral 25 indicates an optical signal 

35 inserting unit, reference numeral 10 represents an opti- 
cal switch unit, and reference numeral 12-1 and 12-2 
are optical input/output units. 

The optical crossconnect apparatus 1F shown in 
Fig. 6 is constructed of the optical input/output unit 12- 

40 1, an optical switch unit 10, the optical input/output unit 
12-2, the optical signal inserting unit 25, and the optical 
signal monitoring unit 24. Then, in this optical crosscon- 
nect apparatus 1F, for instance, since the optical switch 
unit 10 is controlled, each of optical transmission sig- 

45 nals is transmitted via the optical transmission signal 
output unit 12-2 to one of three transmission paths 
which are defined as the working optical path among six 
optical transmission paths (optical fibers). These optical 
transmission signals are inputted via the optical 

so input/output unit 12-1 from three sets of optical transmit- 
ter installed in an optical transmission terminal station 
apparatus. Similarly, each of the three transmission 
paths through which the optical transmission signals are 
transmitted among the six optical transmission paths 

55 can be connected to any one of three optical receivers 
installed in an optical transmission terminal station 
apparatus. As described above, the optical crosscon- 
nect apparatus 1F can be used in the bidirectional 
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transmission since there is no element to limit a trans- 
mission direction therein. 

in accordance with the arrangement of the optical 
crossconnect apparatus 1F shown in Fig. 6, when a 
monitoring optical signal is supplied to the optical signal 
inserting unit 25, this optical signal inserting unit 25 sep- 
arates an optical information signal derived from the 
optical switch unit 10 from the monitoring optical signal, 
and then sends out these optical signals via optical 
input/output unit 1 2-2 to the optical transmission path. 
The optical crossconnect apparatus on the reception 
side connected to this optical transmission path may 
receive either the optical information signal or the mon- 
itoring optical signal separated from this optical signal 
used tot information Then, the optical signal monitoring 
unit 24 cfcsa urinates the optical signal used for informa- 
tion from the mortftcxine optical signal to monitor a level 
of this cteairnmated optical signal, so that a failure 
occurred m me trarts/r^ssjori path can be detected. 

Far termor c wher a tanure happens to occur in 
any one o* trx> wokjng opbcal path, this optical cross- 
connect apparatus iF sr*cwn in Fig. 6 may switch the 
optical output aesjmaton to any of the three transmis- 
sion paths wtnch ski flamed as the protection transmis- 
sion path among m*» six optical transmission paths. 
When the working transmcssion path where the failure 
occurs is restored thts optical crossconnect apparatus 
1 F may swrtch back the optical transmission signal to 
the working transmission path. 

Then, the optical crossconnect apparatus 1F indi- 
cated in Fig 6 rs arranged as follows: As the monitoring 
optical signal, a built-in type optical signal source, or an 
external optical signal is used. The optical signal insert- 
ing unit 25 for sending this optical signal from one end 
of the switched optical transmission path, or one end of 
the switched-back optical transmission path is provided 
on the output side of the optical switch unit 10. Also, the 
optical signal monitoring unit 24 for monitoring the opti- 
cal transmission signal derived from the optical trans- 
mission path is provided on the input side of the optical 
switch unit 10. As a consequence, the optical crosscon- 
nect apparatus IF can monitor the conditions of the 
optical transmission paths by utilizing the built-in type 
optical signal source, or the external optical signal as 
the monitoring optical signal. The above-described 
built-in type optical signal source can output such an 
optical signal which can pass through either a linear 
optical repeater or a regenerator provided in the trans- 
mission path. 

For a better understanding of the present invention, 
in the optical crossconnect apparatus 1F of Fig. 6, the 
optical signal having the information is inputted into the 
optical signal monitoring unit 24, and furthermore is 
entered into "IvT pieces of ports of the optical switch unit 
10. The optical switch unit 10 selects the transmission 
path, and sends out mis optical information signal from 
"N* pieces of ports of the optical switch unit 10 via the 
optical signal inserting unit 25 to another transmission 



path. In addition, the optical signal inserting unit 25 may 
be alternatively series-connected between the "JvT 
pieces of the ports of the optical switch unit 10 and the 
optical signal monitoring unit 24. Similarly, the optical 

5 signal monitoring unit 24 may be series-connected 
between the optical signal inserting unit 25 and the opti- 
cal input/output unit 12-2 on the side of the "N" pieces of 
ports of the optical switch unit 10. 

Furthermore, alternatively, both the optical signal 

io monitoring unit 24 and the optical signal inserting unit 
25 may be provided in the optical crossconnect appara- 
tus 1A shown in Fig. 1. Alternatively, a series-unit 
arrangement of the optical signal monitoring unit 24 and 
the optical signal inserting unit 25 may be connected 

15 between the optical switch units 10-1 and 10-2, and 
between the optical input/output units 12-1 and 12-2. It 
should be noted that the optical signal monitoring unit 
24 is, for example, constructed of a photodetector and 
an optical coupler, whereas the optical signal inserting 

20 unit 25 is constituted by an optical coupler and an opti- 
cal switch. The ports owned by the optical switch unit 10 
are similar to those of the below-mentioned embodi- 
ment. 

It should be understood that a total number of the 
25 optical transmission paths connected to the optical 
crossconnect apparatus is 6 on the input side thereof, 
and a total number of the optical transmission paths 
connected thereto is 6 on the output side thereof, 
namely 12 optical transmission paths. However, accord- 
30 ing to the present invention, a total number of transmis- 
sion paths connected to this optical crossconnect 
apparatus is arbitrarily selected, and the effect of the 
present invention is not limited to this number. There- 
fore, this total number may be determined by consider- 
35 ing the number of transmitters/receivers connected to 
the optical crossconnect apparatus, a total number of 
installed fibers, and the required survivability. This may 
be similarly applied to the below-mentioned embodi- 
ments. 

40 Fig. 7 is a schematic block diagram for indicating a 
structural example of an optical crossconnect apparatus 
1G according to another embodiment of the present 
invention. In Fig. 7, reference numeral 21 shows work- 
ing transmitter/receiver, reference numeral 22 shows 

45 protection transmitter/receiver, reference numeral 31 
represents an optical signal branching unit, and other 
reference numerals indicate the same unit elements as 
shown in Fig. 6. 

The optical crossconnect apparatus 1G shown in 

so Fig. 7 employs an optical signal supplied from the pro- 
tection optical transmitter/receiver 22 of the optical 
transmission, terminal station apparatus as the monitor- 
ing signal source employed in the optical crossconnect 
apparatus 1F indicated in Fig. 6. In other words, in the 

55 optical crossconnect apparatus 1G shown in Fig. 7, two 
sets of the working optical transmitter/receiver 21 are 
connected to one set of the protection optical transmit- 
ter/receiver 22. Also, 6 pieces of optical fibers used to 
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transmit optical transmission signals are connected to 
the output side, whereas 6 pieces of optical fibers used 
to transmit optical transmission signals are connected 
to the input side. 

In order that the protection optical transmit- 
ter/receiver 22 can be continuously switched, this pro- 
tection optical transmitter/receiver 22 is set to the 
operable condition even under normal operation, so that 
optical signals such as a frame signal and a control sig- 
nal are continuously transmitted/received. Also, the 
optical signals are continuously present at least 3 
pieces of each of the transmitting fibers and the receiv- 
ing fibers. 

In the optical crossconnect apparatus 1G shown in 
Fig. 7, for instance, the optical signal outputted from the 
protection optical transmitter/receiver 22 can be sent 
out to the transmitting optical fiber as a monitoring opti- 
cal signal for monitoring an optical transmission path 
condition by way of the optical signal branching unit 31 
and the optical signal inserting unit 25, which are pro- 
vided in this optical crossconnect apparatus 1G. 

In the example shown in Fig. 7, since the monitor- 
ing optical signal can be sent out to the arbitrary trans- 
mitting optical fiber without switching the optical switch 
unit 10, the switched optical transmission path and also 
the switched-back optical transmission path can be 
monitored. 

Fig. 8 is a schematic block diagram for representing 
a structural example of an optical crossconnect appara- 
tus 1 H according to another embodiment of the present 
invention, in Fig. 8, reference numerals 24-1 and 24-2 
show optical transmission signal monitoring units, and 
other reference numerals indicate the same unit ele- 
ments shown in Fig. 6. 

The optical crossconnect apparatus 1H shown in 
Fig. 8 is arranged by an optical signal input unit 12-1; 
the optical signal monitoring unit 24-1 provided on an 
input side of this optical crossconnect apparatus; an 
optical switch unit 10; the optical transmission signal 
monitoring unit 24-2 provided on an output side thereof; 
and an optical signal input/output unit 12-2. Then, the 
optical transmission signal monitoring unit 24-1 is pro- 
vided between the optical signal input/output unit 12-1 
and the optical switch unit 10, whereas the optical trans- 
mission signal monitoring unit 24-2 is provided between 
the optical switch unit 10 and the optical signal 
input/output unit 12-2. 

In accordance with the optical crossconnect appa- 
ratus 1H with employment of the above-described 
arrangement, for instance, the optical transmission sig- 
nal monitoring unit 24-1 can monitor the condition of the 
optical transmission signal entered from the optical 
input/output unit 12-1 to the optical crossconnect appa- 
ratus 1 H. whereas the optical transmission signal moni- 
toring unit 24-2 can monitor the condition of the optical 
transmission signal whose optical path is switched by 
the optical switch unit, and which is outputted from the 
optical signal input/output unit 12-2. Also, since the out- 



put from the optical transmission signal monitoring unit 
24-1 is compared with the output from the optical trans- 
mission signal monitoring unit 24-2, the failure of the 
optical switch unit 10 can be diagnosed. 

5 it should also be noted that the optical transmission 
signal monitoring units 24-1 and 24-2 may be arranged 
by, for example, an 1 -input/2 -output photocoupler, and a 
photodetector. The optical transmission signal monitor- 
ing units may be arranged with a 2-input/2-output opti- 

io cai coupler and an optical detector, in this case, the 
optical crossconnect apparatus 1 H can be operated in 
the bidirectional transmission. 

Fig. 9 is a schematic block diagram for representing 
a structural example of an optical crossconnect appara- 

15 tus 1J according to another embodiment of the present 
invention. In Fig. 9, reference numerals 24-3 and 24-4 
show optical transmission signal monitoring units, refer- 
ence numeral 33 indicates a control unit, and other ref- 
erence numerals indicate the same unit elements 

20 shown in Fig. 6. 

The optical crossconnect apparatus 1J shown in 
Fig. 9 is an example of such an optical crossconnect 
apparatus having a malfunction diagnosing function of 
the optical switch unit 10 by comparing outputs from the 

25 optical transmission signal monitoring units 24-1 . 24-2, 
24-3 and 24-4 with each other. 

The optical crossconnect apparatus 1J is con- 
nected to 3 sets of optical transmitter/receiver of an opti- 
cal transmission terminal station apparatus, 6 pieces of 

30 optical transmission paths on the output side, and 6 
pieces of optical transmission paths on the input side. 
Then, the optical transmission signal monitoring unit 24- 
1 is provided between the optical signal input/output unit 
12-1 and the optical switch unit 10, whereas the optical 

35 transmission signal monitoring unit 24-2 is provided 
between the optical switch unit 10 and the optical signal 
input/output unit 1 2-2. Also, the optical transmission sig- 
nal monitoring unit 24-3 is provided between the optical 
signal input/output unit 12-1 and the optical switch unit 

40 io, whereas the optical transmission signal monitoring 
unit 24-4 is provided between the optical switch unit 10 
and the optical signal input/output unit 12-2. As previ- 
ously described, this optical crossconnect apparatus 1 J 
can be operated in the bidirectional transmission. 

45 In accordance with the optical crossconnect appa- 
ratus 1J with employment of the above-described 
arrangement, for instance; the output from the optical 
signal monitoring unit 24-1 is compared with the output 
from the optical signal monitoring unit 24-2 by the con- 
so trol unit 33, and also the output from the optical signal 
monitoring unit 24-3 is compared with the output from 
the optical signal monitoring unit 24-4 by the control unit 
33. Referring to the connection condition of the optical 
switch unit 10, which is saved by the control unit 33, or 

55 an external apparatus other than the optical crosscon- 
nect apparatus, the malfunction of the optical switch unit 
10 capable of switching the optical signal paths can be 
detected and also can be diagnosed. 
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Fig. 10 is a schematic block diagram for showing a 
structural example of an optical crossconnect apparatus 
1K according to another embodiment of the present 
invention. In Fig. 10 t reference numerals 10-1 and 10-2 
indicate optical switch units; reference numeral 24 indi- 
cates optical transmission signal monitoring units; refer- 
ence numeral 26 shows monitoring optical signal 
sources; reference numeral 34 represents an optical 
input signal switching unit; reference numeral 35 
denotes an optical output signal switching unit; and 
other reference numerals show the same unit elements 
shown in Fig. 6. 

The optical crossconnect apparatus 1 K indicated in 
Fig. 10 is arranged by an optical signal input/output unit 
12-1 ; the optical input signal switching unit 34; the mon- 
itoring optical signal source 26; the optical switch units 
10-1 and 10-2; the optical output signal switching unit 
35; the optical signal monitoring unit 24; an optical 
input/output unit 12-2; and also a control unit 33. 
Although this control unit 33 is not shown in this draw- 
ing, this control unit 33 is similar to that of Fig, 9. Both 
the optical input signal switching unit 34 and the optical 
output signal switching unit 35 may be arranged by, for 
instance, a plurality of 2-input/3-output optical switches. 
As explained above, the optical crossconnect apparatus 
1 K can be operated in the bidirectional transmission. 

Then, in order to achieve high reliability of the opti- 
cal crossconnect apparatus 1 K, this optical crosscon- 
nect apparatus 1K employs the working optical switch 
unit 10-1 and the protection optical switch unit 10-2 as 
to the malfunction of the optical switch unit. The optical 
input signal switching unit 34 is operated in association 
with the optical output signal switching unit 35, so that 
the optical switches through which the optical transmis- 
sion signal passes can be switched. 

In accordance with the above-described unit 
arrangement of the optical crossconnect apparatus 1 K f 
for example, the optical signal of the monitoring optical 
signal source 26 is entered into the optical input signal 
switching 34, and the input of the optical signal monitor- 
ing unit 24 is connected to the optical output signal 
switching 35. As a consequence, for instance, while the 
working optical switch unit 10-1 switches the transmis- 
sion path of the optical transmission signal, the monitor- 
ing optical signal derived from the monitoring optical 
signal source 26 can be transmitted via the protection 
optical switch unit 10-2 to the optical signal monitoring 
unit 24, and the optical signal monitoring unit 24 is 
employed so as to be capable of confirming that the pro- 
tection optical switch unit 10-2 is operated under normal 
condition. 

Furthermore, in such a case that the malfunction of 
the working optical switch unit is judged to switch this 
working optical switch unit into the protection optical 
switch unit 10-2, the place where this malfunction hap- 
pens to occur can be identified by employing the moni- 
toring optical signal derived from the monitoring optical 
signal source 26 and the optical signal monitoring unit 



24. 

Fig. 1 1 is a schematic block for showing a structural 
example of an optical crossconnect apparatus 1L 
according to another embodiment of the present inven- 

5 tion. Reference numerals shown in Fig. 1 1 are the same 
as those for denoting the same unit elements of other 
embodiments. 

The optical crossconnect apparatus 1 L indicated in 
Fig. 1 1 is arranged as follows. That is, with respect to 

10 the optical crossconnect apparatus 1L indicated in Fig. 
10, an optical signal monitoring unit 24 is provided at a 
post stage of an optical signal input/output unit 12-1, 
and also another optical signal monitoring unit 24 is pro- 
vided at a post stage of an optical output signal switch- 
es ing 35. Further, an optical signal branching unit 31 for 
branching the monitoring optical signal derived from the 
monitoring optical signal source 26 is provided at a post 
stage of the monitoring optical signal source 26, and a 
monitoring optical signal inserting unit 25 is provided at 

20 a prestage of an optical signal input/output unit 12-2. As 
previously explained, this optical crossconnect appara- 
tus 1 L can be operated in the bidirectional transmission. 

In the optical crossconnect apparatus 1L shown in 
Fig. 1 1 , the control unit 33 compares the output signals 

25 with each other, which are outputted from two sets of 
the optical signal monitoring units 24 provided on both 
sides of the working optical switch unit 10-1 , so that this 
control unit 33 monitors whether or not the malfunction 
occurs in the optical switch unit 10-1. Also, the optical 

30 signal monitoring unit 24 connected to the post stage of 
the optical output signal switching 35 monitors the mon- 
itoring optical signal which has passed through the pro- 
tection optical switch unit 10-2. As an consequence, this 
optical signal monitoring unit 24 can confirm that the 

35 protection optical switch 10-2 is operated under normal 
condition. 

When the control unit 33 diagnoses the occurrence 
of the failure in the working optical switch unit 10-1 , this 
control unit 33 causes the optical input signal switching 

40 34 to be associated with the optical output signal switch- 
ing 35. so that the optical transmission signal is 
switched to be supplied to the protection optical switch 
unit 10-2. At this time, the control unit 33 controls the 
protection optical switch unit 10-2 in such a manner that 

45 the transmission path of the optical transmission signal 
can be correctly switched. Furthermore, the control unit 
33 can identify the failure occurrence position by con- 
necting the monitoring optical signal source 26, the opti- 
cal signal monitoring unit 24, and the optical switch unit 

so 10-1 , the failure of which is diagnosed, with each other. 
For example, when a failure happens to occur in the 
optical transmission path on the output side of the opti- 
cal crossconnect apparatus 1 L shown in Fig. 1 1 , this 
optical crossconnect apparatus 1 L sends out the moni- 

55 toring optical signal branched by the optical signal 
branching unit 31 via the optical signal inserting unit 25 
to such an optical transmission path where the failure 
happens to occur. As a result, another optical crosscon- 
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nect apparatus related to this failure of the optical trans- 
mission path monitors this monitoring optical signal by 
the optical signal monitoring unit, so that this optical 
crossconnect apparatus can quickly confirm that the 
optical transmission path where the failure occurs is 
restored. As a consequence, rapid restoration to the 
normal condition can be realized. 

It should be understood that as the optical switch 
unit described in the respective embodiments, an opti- 
cal mechanical optical switch or polymer optical switch 
may be employed, and also the optical amplifier may be 
employed an optical fiber amplifier, a semiconductor 
optical amplifier, and a regenerator as optical amplifier. 

Referring now to Fig. 12A and Fig. 12B, an optical 
transmission system with employment of the optical 
crossconr>ect apparatus, according to an embodiment 
of the present indention wrii be described. Fig. 12A 
schematcatf* srx>ws an optical transmission system 
which is arrangoc b> me optica! crossconnect appara- 
tuses i -1 to i 3 o« me present invention as previously 
described optcaJ transmmecvreceivers 20*1 to 20-3; a 
working opt cat f fc>e* 30 and protection optical fibers 40- 
1 to 40-2 

In this opticai transmission system, in order that a 
basic operation tc restore a failure, or trouble occurred 
in a transmission paih of tne optical transmission sys- 
tem is simply explained, a connection relationship 
among the respective optical crossconnect apparatuses 
is indicated by a single optical fiber bundle. Two sets of 
the optical transmmers/receivers 20-1 and 20-3 are 
connected to each other via the respective optical 
crossconnect apparatuses 1-1 and 1-3 by using the 
working optica! fiber 30. At the same time, these two 
optical transmitters/receivers 20-1 and 20-3 are con- 
nected to each other via the protection optical fiber 40- 
1 , the optical crossconnect apparatus 1-2, and the pro- 
tection optical fiber 40-2. 

in the case that both the optical crossconnect appa- 
ratuses 1-1 and 1-3 detect an occurrence of a failure in 
the working optical fiber 30, an optical signal which is 
transmitted through this working optical fiber 30 is 
switched to the protection optical fibers 40-1 and 40-2. 
In the optical crossconnect apparatus 1 -2, the protec- 
tion optical fiber 40- 1 can be mutually connected to the 
protection optical fiber 40-2. 

In accordance with the present invention, since 
optical signal repeaters built in the optical crossconnect 
apparatuses 1 -1 to 1 -3 are connected to each other via 
the protection optical fibers and the optical switch units, 
even in such a case that a failure happens to occur in 
one protection optical fiber and furthermore the signal 
path is switched to another protection optical fiber, there 
is no need to provide the optical signal repeater with 
respect to each of these protection optical fibers. Also, 
even when a failure happens to occur in one optical sig- 
nal repeater built in one optical crossconnect apparatus, 
since this troubled optical signal repeater can be quickly 
switched to another optical signal repealer whose oper- 



ation reliability is confirmed, the protection optical fibers 
can be effectively utilized. 

For the sake of simple explanations, as is apparent 
from the drawing, the following optical fibers are omit- 

s ted; namely the protection optical fiber connected 
between the optica! crossconnect apparatus 1-1 and 
the optical crossconnect apparatus 1-3, the working 
optical fiber connected between the optical crosscon- 
nect apparatus 1-1 and the optical crossconnect appa- 

10 ratus 1-2, and the working optical fiber connected 
between the optical crossconnect apparatus 1-2 and 
the optical crossconnect apparatus 1 -3. 

Fig. 12B schematically indicates an optical trans- 
mission system, according to another embodiment of 

is the present invention, with employment of the optical 
crossconnect apparatus according to the present inven- 
tion. In this embodiment, the optical transmission sys- 
tem is constituted by 4 nodes in a mesh form, in this 
optical transmission system, the following case will now 

20 be considered. That is, an optical signal is transmitted 
from the optical transmitter/receiver 20-1 to the optical 
transmitter/receiver 20-4. During the normal transmis- 
sion operation, this optical signal is transmitted via the 
working optical fiber 30-1. When a failure happens to 

25 occur in this working optical fiber 30-1 , for example, the 
protection optical fiber 40- 1 is selected to switch the sig- 
nal transmission path in the optical crossconnect appa- 
ratus 1-1. whereas, for instance, the protection optical 
fiber 40-2 is selected to switch the signal transmission 

30 path in the optical crossconnect apparatus 1 -4. Further- 
more, in the optical crossconnect apparatus 1-2, the 
protection optical fiber 40-1 is mutually connected to the 
protection optical fiber 40-2 via the optical signal 
repeater add optica! switch units. At this time, a trans- 

35 mission direction of the optical signal is directed from 
the protection optica! fiber 40-1 to the protection optical 
fiber 40-2. 

in this optical transmission system, another case 
will now be considered. That is, an optical signal is 

40 transmitted from the optical transmitter/receiver 20-3 to 
the optical transmitter/receiver 20-1. During the normal 
transmission operation, this optical signal is transmitted 
via the working optical fiber 30-2. When a failure hap- 
pens to occur in this working optical fiber 30-2 and the 

45 protection optical fiber 40-3, for example, the protection 
optical ffoer 40-4 is selected to switch the signal trans- 
mission path in the optical crossconnect apparatus 1-3, 
whereas, for instance, the protection optical fiber 40-2 is 
selected to switch the signal transmission path in the 

so optical crossconnect apparatus 1 -4. Furthermore, in the 
optical crossconnect apparatus 1-2, for example, the 
protection optical fiber 40-1 is selected to switch the sig- 
nal transmission path. At this time, in the optical cross- 
connect apparatus 1-2. the protection optical ffoer 40-1 

55 is mutually connected to the protection optical f toer 40- 
2 via the optical signal repeater. At this time, a transmis- 
sion direction of the optical signal is directed from the 
protection optical fiber 40-2 to the protection optical 
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fiber 40-1 . 

Since the optical crossconnect apparatuses 1-1 to 
1-4 according to the present invention are employed, as 
previously explained, the route can be freely set with 
high flexibility when the troubled transmission path is s 
recovered, and also the protection optical fibers can be 
effectively utilized. 

As apparent from the drawing, for the sake of sim- 
ple explanation, the protection optical fibers and the 
working optical fibers are properly omitted. io 

Fig. 13 is a schematic block diagram for indicating 
another arrangement of an optical transmission system 
arranged by employing the optical crossconnect appa- 
ratus. In Fig. 13, reference numerals 20-1 and 20-2 
denote optical transmitters/receivers, reference numeral is 
30 represents a working optical fiber, and reference 
numeral 40 shows an protection optical fiber. 

The optical transmission system indicated in Fig. 13 
is arranged by that a plurality of working optical fibers 30 
and a plurality of protection optical fibers 40 are so 
employed so as to mutually connect two sets of the opti- 
cal crossconnect apparatuses 1-1 and 1-2 for connect- 
ing the optical transmitters/receivers 20-1 and 20-2. As 
the optical crossconnect apparatuses 1-1 and 1-2, the 
optical crossconnect apparatus according to the 25 
respective embodiments of the present invention, as 
described above, may be used. 

In the above-described optical transmission sys- 
tem, the conditions of the optical transmission paths can 
be monitored within the optical crossconnect apparatus, so 
As a consequence, the normality of the switched-desti- 
nation of the optical transmission path, or of the 
swttched-back optical transmission path, and also of the 
optical switch unit employed in the optical crossconnect 
apparatus can be confirmed. The failure restoration can 35 
be confirmed. Therefore, the reliability of this optical 
transmission system can be improved. 

It should be noted that although the optical trans- 
mission system shown in Fig. 1 3 is arranged by employ- 
ing two sets of the optical crossconnect apparatuses 1- 40 
i and 1-2, the present invention may be accomplished 
by constituting such a network. That is, a large number 
of optical crossconnect apparatuses and a large quan- 
tity of optical transmitters/receivers are employed, and 
then the optical transmission paths by the optical fibers 45 
(involving working optical fibers and protection optical 
fibers) are used to mutually connect the respective 
crossconnect apparatuses in the mesh network, or the 
ring network, in order to establish such a network 

so 

Claims 

1 . An optical crossconnect apparatus having one ter- 
minal (12-1) connected to a transmission path from 
one optical transmission terminal station and other ss 
terminal (12-2) connected to a transmission path 
from another optical transmission terminal station, 
and capable of switching said transmission paths 



when an optical signal is transmitted from one opti- 
cal transmission terminal station to the other optical 
transmission terminal station and from the other 
optical transmission terminal to one optical trans- 
mission terminal station, comprising: 

a first optical signal switching means (10-1) 
having "M1 (Ml being an integer larger than, or 
equal to 2)" number of ports and "N1 (N1 being 
an integer larger than, or equal to 1 )" number of 
ports, through which the optical signal can 
pass; 

a second optical signal switching means (10-2) 
having "M2 (M2 being larger than, or equal to 
ZY number of ports and "N2 (N2 being an inte- 
ger larger than, or equal to I)* 1 number of ports, 
through which the optical signal can pass; and 
"L (L being an integer larger than, or equal to 
1) M number of optical signal repeaters (11), one 
end of which is connected to the n N1 M number 
of ports of said first optical signal switching 
means (10-1), and the other end of which is 
connected to the "N2 M number of ports of said 
second optical switching means (10-2); 
wherein: 

said "N1" number of the ports and said "N2" 
number of the ports are larger than said *'L" 
number of the optical signal repeaters; and 
also said "Mr number of the ports of said first 
optical signal switching means connected to 
said one terminal, and said "M2" number of the 
ports of said second optical signal switching 
means connected to said the other terminal are 
larger than, or equal to 2. 

2. An optical crossconnect apparatus having one ter- 
minal (12-1) connected to a transmission path from 
one optical transmission terminal station and other 
terminal (12-2) connected to a transmission path 
from another optical transmission terminal station, 
and capable of switching said transmission paths 
when an optical signal is transmitted from one opti- 
cal transmission terminal station to the other optical 
transmission terminal station and from the other 
optical transmission terminal to one optical trans- 
mission terminal station, comprising: 

a first optical signal switching means (10-1) 
having H M1 (M1 being an integer larger than, or 
equal to 1) n number of ports and "N1 (N1 being 
an integer larger than, or equal to 2)" number of 
ports, through which the optical signal can 
pass; 

a second optical signal switching means (10-2) 
having *M2 (M2 being larger than, or equal to 
1) H number of ports and "N2 (N2 being an inte- 
ger larger than, or equal to 2)" number of ports, 
through which the optical signal can pass, and 
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"L (L being an integer larger than, or equal to 
1)* number of optical signal repeating means 
(1 1), one end of which is connected to the "N1 " 
number of ports of said first optical signal 
switching means (10-1), and the other end of 5 
which is connected to the "N2" number of ports 
of said second optical switching means (10-2); 
wherein: 

said M tvir number of the ports and said "N2" 
number of the ports are larger than said "L" 10 
number of the optical signal repeaters; and 
also said "M1" number of the ports of said first 
optical signal switching means connected to 
said one terminal, and said "M2" number of the 
ports of said second optical signal switching is 
means connected to said the other terminal are 
larger than, or equal to 1 . 



connected to any of the N1 number of ports 
and the N2 number of ports of said second 
optical signal switching means (10-b). 

5. The apparatus of claim 3 wherein 

said first optical signal switching means is con- 
stituted of a mechanical optical switch; and 
each of said mechanical optical switch owns 
two ports connected to said one terminal of the 
optical crossconnect apparatus, and one port 
connected to any of the Nl number of ports 
and the N2 number of ports of said second 
optical signal switching means (10-b). 

. The apparatus of any preceding claim wherein said 
optical signal repeater (11-1, 11 -2) is 



An optical crossconnect apparatus having one ter- 
minal (12-1) connected to a transmission path from 20 
one optical transmission terminal station and other 
terminal (12-2) connected to a transmission path 
from another optical transmission terminal station, 
and capable of switching said transmission paths 
when an optical signal is transmitted from one opti- 25 
cal transmission terminal station to the other optical 
transmission terminal station and from the other 
optical transmission terminal to one optical trans- 
mission terminal station, comprising: 

30 

a first optical signal switching means (10-a) 
having "M (M being an integer larger than, or 
equal to 1) w number of ports and n 2 x M" 
number of ports, through which the optical sig- 
nal can pass; 35 
"L (L being an integer larger than, or equal to 
1)" number of optical signal repeaters (11-1, 
11-2); and 

a second optical signal switching means having 
"Nl (Nl being larger than, or equal to 2L + M)" 40 
number of ports and also "N2 (N2 being larger 
than, or equal to 1)" number of ports; wherein: 
M number of said ports among the (2 x M) 
ports of said first optical signal switching 
means, and also (2 x L) number of said ports 45 
owned by said L number of optical signal 
repeaters are connected to the N1 number of 
the ports of said second optica! switching 
means. 

so 

The apparatus of claim 3 wherein 

said first optica! signal switching means (10-a) 
is constructed of TvT number of 1 -inputs-out- 
put optical switch means; and ss 
each of said optical switch means owns two 
ports connected to said one terminal of the 
optical crossconnect apparatus, and one port 



an optical fibre amplifier, or 

a semiconductor optical amplifier, or 

a regenerator. 

7. An optical crossconnect apparatus having one ter- 
minal (12-1) connected to a transmission path from 
one optical transmission terminal station and other 
terminal (12-2) connected to a transmission path 
from another optical transmission terminal station, 
and capable of switching said transmission paths 
when an optical signal is transmitted from one opti- 
cal transmission terminal station to the other optical 
transmission terminal station and from the other 
optical transmission terminal to one optical trans- 
mission terminal station, comprising: 

an optical signal switching means (10) having 
an optical signal repeater, a first port con- 
nected thereto via said optical signal repeater 
on one terminal thereof, and a second port 
connected thereto via said optical signal 
repeating means on the other terminal thereof; 
an optical signal monitoring means (24) con- 
nected at least between said one terminal and 
said first port of said optical signal switching 
means and between said the other terminal 
and said second port of said optical signal 
switching means, for monitoring a transmission 
condition of the optical signal; and 
an optical signal supplying means (25) con- 
nected at (east between said other terminal 
and said second port of said optical signal 
switching means and between said one termi- 
nal and said first port of said optical signal 
switching means, for supplying a monitoring 
optical signal derived from a signal source to 
said the other transmission path. 

8. An optical crossconnect apparatus having one ter- 
minal (12-1) connected- to a transmission path from 
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one optical transmission terminal station and other 
terminal (12-2) connected to a transmission path 
from another optical transmission terminal station, 
and capable of switching said transmission paths 
when an optical signal is transmitted from one opti- 5 
cal transmission terminal station to the other optical 
transmission terminal station and from the other 
optical transmission terminal to one optical trans- 
mission terminal station, comprising: 

10 

an optical signal switching means (10) having 
an optical signal repeater, a first port con- 
nected thereto via said optical signal repeating 
means on one terminal thereof, and a second 
port connected thereto via said optical signal is 
repeater on the other terminal thereof; 
a first optical signal monitoring means (24-1) 
connected between said one terminal and said 
first port of said optical signal switching means, 
for monitoring a transmission condition of the so 
optical signal; and 

a second optical signal monitoring means (24- 
2) connected between the other terminal and 
said second port of said optical signal switching 
means, for monitoring a transmission condition 25 
of the optical signal. 

9. The apparatus of claim 8, further comprising a con- 
trol unit (33) connected to said first optical signal 
monitoring means and said second optical signal 30 
monitoring means, for comparing transmission con- 
dition of the optical signals, thereby performing 
diagnosis for failure in the apparatus. 

10. An optical crossconnect apparatus having one ter- 35 
minal (12-1) connected to a transmission path from 
one optical transmission terminal station and other 
terminal (12-2) connected to a transmission path 
from another optical transmission terminal station, 
and capable of switching said transmission paths 40 
when an optical signal is transmitted from one opti- 
cal transmission terminal station to the other optical 
transmission terminal station and from the other 
optical transmission terminal to one optical trans- 
mission terminal station, comprising: 45 

a first optical signal switching means (10-2) 
used in a normal signal transmission, including 
an optical signal repeater, and also having a 
first port connected via said optical signal so 
repeater to one terminal thereof and a second 
port connected via said optical signal repeater 
to the other terminal thereof; 
a second optical signal switching means (10-1) 
used in a protection signal transmission, ss 
including an optical signal repeater, and also 
having a third port connected via said optical 
signal repeater to one terminal thereof and a 



fourth port connected via said optical signal 
repeater to the other terminal thereof; 
a first optical signal selecting switch (34), one 
terminal of which is connected to said first port 
and said second port, and the-other terminal of 
which is connected to said one terminal thereof 
and is connected to an optical signal supplying 
means (26) for supplying an optical monitoring 
signal used to monitor operations of said first 
and second optical signal switching means, for 
selecting one of said optical transmission sig- 
nal and said optical monitoring signal to be 
supplied to one of said first and second optical 
signal switching means; and 
a second optical signal selecting switch (34), 
one terminal of which is connected to said sec- 
ond port and said fourth port, and the other ter- 
minal of which is connected to said other 
terminal thereof and is connected to an optical 
signal supplying means (24) for supplying an 
optical monitoring signal used to monitor oper- 
ations of said first and second optical signal 
switching means, for selecting one of said opti- 
cal transmission signal and said optical moni- 
toring signal outputted from one of said first 
and second optical signal switching means. 

1 1 . The apparatus of claim 1 0 further comprising a con- 
troller for performing that said optical signal moni- 
toring means (24) confirms as to whether or not the 
operations of said first and second optical signal 
switching means are under normal state, and also 
identifies failure occurrence places in said first and 
second optical signal switching means. 

12. The apparatus of any one of claims 7 to 11 wherein: 

said optical signal supplying means (26) sup- 
plies said optical monitoring signal to the pro- 
tection transmission path by said first and 
second optical selecting switches and said first 
optical signal switching means under normal 
condition of said transmission path; and 
said optical signal supplying means (26) sup- 
plies said optical monitoring signal to the work- 
ing transmission path by said first and second 
optical signal selecting switches and said first 
optical signal switching means under abnormal 
condition of said transmission path. 

13. The apparatus of claim 12 wherein said optical sig- 
nal monitoring means (26) confirms that when said 
optical monitoring signal is supplied to the protec- 
tion transmission path, whether or not the protec- 
tion optical transmission path is under normal state; 
and also confirms that when said optical monitoring 
signal is supplied to said working transmission 
path, the working optical transmission path is 
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restored from the failure. 

14. The apparatus of claim 1 , further comprising 

an optical signal monitoring means (24) con- s 
nected at least either-between said one termi- 
nal and said "M1 (M1 being an integer larger 
than, or equal to 2)" number of the ports of said 
first optical signal switching means or between 
said other terminal and said n M2 (M2 being io 
integer larger than, or equal to 2)" number of 
the ports of said second optical signal switch- 
ing means, for monitoring a transmission con- 
dition of the optical signal; and 
an optical signal supplying means (25) con- 75 
nected at least either between said one termi- 
nal and said "M1 (M1 being an integer larger 
than, or equal to 2)" number of the ports of said 
first optical signal switching means or between 
said other terminal and said "M2 (M2 being 20 
integer larger than, or equal to 2)" number of 
the ports of said second optical signal switch- 
ing means, for supplying a monitoring optical 
signal derived from a signal source to said 
another transmission path. 25 

15. The apparatus of claim 7 or 14 wherein said signal 
source of said optical signal supplying means is a 
protection optical transmitter unit provided in at 
least one of said one optical transmission terminal 30 
station and said other optical transmission terminal 
station. 

16. An optical transmission system constituted by pro- 
viding a plurality of optical transmitters/receivers 35 
interconnected by optical-transmission path, com- 
prising: 

a plurality of optical crossconnect apparatus (1 - 
1,1-2, 1-3, 1-4) including: 40 
a plurality of optical transmitters/receivers (20- 
1,20-2, 20-3, 20-4); 

a first optical signal switching means (10-1) 
connected to the respective optical transmit- 
ters/ receivers, and having "M1" number of 45 
ports and "N1" number of ports, through which 
an optical signal can pass; 
a second optical signal switching means (10-2) 
having "M2" number of ports and "N2" number 
of ports, through which an optical signal can so 
pass; 

"L (L being an integer larger than, or equal to 
1)" number of optical signal repeaters (11), one 
end of which is connected to one of the "N1" 
number of ports of said first optical signal ss 
switching means (10-1), and the other end of 
which is connected to one of the "N2 M number 
of ports of said second optical switching means 



(10-2); wherein said "L" number of the optical 
signal repeater are larger than, or equal to 1 ; 
said "Nr number of the ports and said "N2 M 
number of the ports are equal to at least said 
"L" number of the optical signal repeating 
means; and also said "M1 M number of the ports 
of said first optical signal switching means con- 
nected to said one terminal, and said "M2" 
number of the ports of said second optical sig- 
nal switching means connected to said the 
other terminal are larger than, or equal to 2; 
and 

an optical transmission path (30, 30-1, 30-2, 
40-1, 40-2, 40-3) for connecting each of said 
optical crossconnect apparatus; whereby 
said optical transmitters/receivers communi- 
cate the optical transmission signal through the 
optical transmission paths except for an optical 
transmission path where a failure happens to 
occur, depending upon the occurrence of the 
failure. 

17. An optical transmission system constituted by pro- 
viding a plurality of optical transmitters/receivers in 
an optical network constructed of an optical trans- 
mission path, comprising: 

a plurality of optical crossconnect apparatus (1 - 
1, 1-2) including: 

a plurality of optical transmitters/receivers (20- 
1,20-2); 

a first optical signal switching means (10-1) 
having "M1 (M1 being an integer larger than, or 
equal to 2) M number of ports and *N1 (N1 being 
an integer larger than, or equal to 1)" number of 
ports, through which the optical signal can 
pass; 

a second optical signal switching means (10-2) 
having "M2 (M2 being larger than, or equal to 
2)" number of ports and "N2 (N2 being an inte- 
ger larger than, or equal to 1 )" number of ports, 
through which the optical signal can pass; and 
H L (L being an integer larger than, or equal to 
1)" number of optical signal repeating means 
(1 1), one end of which is connected-to the "NV 
number of ports of said first optical signal 
switching means (10-1), and the other end of 
which is connected to the "N2" number of ports 
of said second optical switching means (10-2); 
wherein said tt L" number of the optical signal 
repeater are larger than, or equal to 1 ; said 
"N1 " number of the ports and said ^2" number 
of the ports are equal to at least said "L" 
number of the optical signal repeaters; and 
also said "M1 " number of the ports of said first 
optical signal switching means connected to 
said one terminal, and said "M2" number of the 
ports of said second optical signal switching 
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means connected to said the other terminal are 
larger than, or equal to 2; 

an optica! signal monitoring means (24) con- 
nected at least either between said one termi- 
nal and said "M1 (M1 being an integer larger 5 
than, or equal to 2) n number of the ports of said 
first optical signal switching means or between 
said other terminal and said "M2 (M2 being 
integer larger than, or equal to 2)" number of 
the ports of said second optical signal switch- w 
ing means, for monitoring a transmission con- 
dition of the optical signal; and 
an optical signal supplying means (25) con- 
nected at least either between said one termi- 
nal and said "M1 (M1 being an integer larger is 
than, or equal to 2) w number of the ports of said 
first optical signal switching means or between 
said other terminal and said "M2 (M2 being 
integer larger than, or equal to 2)" number of 
the ports of said second optical signal switch- 20 
ing means, for supplying a monitoring optical 
signal derived from a signal source to said 
another transmission path; 
an optical transmission path (52, 51) for con- 
necting each of said optical crossconnect 25 
apparatus; whereby 

said optical transmitters/receivers communi- 
cate the optical transmission signal through the 
optical transmission paths except for an optical 
transmission path where a failure happens to 30 
occur, depending upon the occurrence of the 
failure. 
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